ABSTRACT. We conducted a preliminary floristic study of six vernal pools in Acadia National Park on Mount Desert Island, Maine. Plant species were recorded on three sampling dates from April to October, 2008. Sixty-five vascular plant species from 26 families were recorded. Of these, 27 are considered occasional or uncommon in Acadia National Park. Thirteen species are new reports for vernal pools in the northeastern United States. This represents the first published study of the vernal pool flora of Acadia National Park.
during the cooler or wetter part of the year and lack predatory fish populations (Sharitz and Pennings 2006; Tiner et al. 2002) . In the United States, although more commonly associated with grasslands along the west coast (Kruckeberg 2006) , woodland vernal pools occur throughout the Northeast (Sharitz and Pennings 2006; Tiner et al. 2002) . Vernal pools are flooded each year in spring and fall, providing both a breeding habitat for a number of amphibians and invertebrates as well as a refuge for many native plant species (Barbour et al. 2005; Holland and Jain 1981; Zedler 2003) . State and federal conservation efforts addressing vernal pools and isolated wetlands are limited. Existing efforts have been weakened in recent years by U.S. Supreme Court actions (Oscarson and Calhoun 2007; Zedler 2003) , leaving nearly 29% of the United States' wetlands without protection (Cutko and Rawinski 2008) . With little federal protection, many states are working to protect their biologically diverse vernal pools from development, poor land use practices, and climate change (Brooks 2009; Calhoun et al. 2003) .
Vernal pools often contribute much to patterns of local and regional plant diversity (Barbour et al. 2005; Deil 2005; Schlising and Sanders 1982) . For example, in California, at least 43 plant species are restricted to vernal pools (Keeler-Wolf et al. 1998) . Species that adapt to vernal pool conditions can experience reduced competition from invasive species and close relatives and become reproductively isolated, leading to further specialization and subsequent diversification (Barbour et al. 2005; Baskin 1994; Emery 2009; Linhart 1976 ). Cutko and Rawinski (2008) note that although there are no vernal pool endemics documented for northeastern North America, there have been no systematic assessments of rare plants associated with vernal pools in the region. Despite the lack of documented vernal pool endemics in the Northeast, numerous rare plant species are at least facultatively associated with vernal pools in the region, often well outside of their core distributions in eastern North America (Cutko and Rawinski 2008) .
Despite much interest in the ecology and conservation of vernal pools in western North America (Barbour et al. 2007; Holland and Jain 1981; Lathrop et al. 2005; Oscarson and Calhoun 2007) there is limited knowledge of the flora that characterize vernal pools in eastern North America (Calhoun and deMaynadier 2008; Colburn 2004; Cutko and Rawinski 2008; Deil 2005; Keeley and Zedler 1998) . Unlike many of the factors used to identify vernal pools in the Northeast, including animal indicator species, hydroperiod, and absence of fish species, floristic characteristics of vernal pools in the region are poorly documented (Maine Department of Environmental Protection 2009 ). References to plant life in vernal pools of the Northeast are generally based on single rather than multiple surveys throughout a growing season and are mentioned mostly in relation to studies on amphibians (Calhoun et al. 2003; Cutko and Rawinski 2008; Gahl and Calhoun 2008; Gahl et al. 2009 ).
In the northeastern United States, there are currently 422 plant species thought to be associated with vernal pools (Cutko and Rawinski 2008) with 92 of these identified as at risk, including at least six in Maine: Clethra alnifolia L. (Clethraceae), Eleocharis nitida Fernald (Cyperaceae), Hottonia inflata Elliott (Primulaceae), Lindera benzoin Blume (Lauraceae), Platanthera leucophaea (Nutt.) Lindl. (Orchidaceae), and Rhynchospora macrostachya Torr. ex A. Gray (Cyperaceae; Cutko 1997; Cutko and Rawinski 2008; Maine Natural Areas Program 2005; NatureServe 2009 ). Although it is also known to inhabit farm ponds and drainage ditches in the southern part of its range, H. inflata appears to be restricted to vernal pools in the northern part of its range in southern Maine, with a Maine state rank S1, global rank G4, and state status T (Maine Natural Areas Program 2005; NatureServe 2009 ).
While some attention has been given to rare plants of Maine's wetlands, including those of Acadia National Park (ANP) on Mt. Desert Island (MDI; Calhoun et al. 1994; Greene et al. 2005; Vaux et al. 2006) , there are no published studies specific to vernal pool vegetation of ANP. Recent floristic treatments for ANP make no reference to vernal pool vegetation (Greene et al. 2005; Mittelhauser et al. 2010) . Nearly 12% (133 taxa) of vascular plants in ANP have been designated locally-rare or state-listed (S1, S2, or S3) while approximately 25% of the plants (290 taxa) are considered exotic (Greene et al. 2005) . It is unknown how many of these species are associated with ANP's vernal pools. We surveyed the vascular flora of six vernal pools in ANP in order to provide a useful comparison to the few available vernal pool studies from New England (Cutko 1997; Cutko and Rawinski 2008) and a baseline to compare coastal and inland, as well as mainland and island vernal pools of the Northeast. The objective of the study was to create a preliminary checklist of the vernal pool flora of ANP and to compare this checklist with previous vernal pool floras from the region.
MATERIALS AND METHODS
Study area. The primary land holdings of Acadia National Park are located on Mt. Desert Island (44u34980N, 68u34940W), a large (ca. 28,100 ha), coastal island in Hancock County, Maine, U.S.A. Mount Desert Island is roughly bisected into eastern and western halves by Somes Sound (Figure 1) . Annually, MDI receives 140 cm of rain, 20 cm more than the rest of Maine (Neilsen and Kahl 2007) , and 155 cm of snowfall (National Park Service 2009). Although precipitation falls throughout the year as both snow and rain, the majority of precipitation occurs from autumn through spring (National Park Service 2009); thus, most vernal pools dry out by mid-to late summer. This hydroperiod appears to be typical of woodland vernal pools throughout the Northeast (Tiner et al. 2002) .
Estimates based on a compilation of ANP documents and field surveys put the number of vernal pools in ANP at over 80 (M. Gahl, Univ. New Brunswick, St. John, pers. comm.) . Vernal pool selection for this study was based on a list of documented vernal pools in ANP (based on hydroperiod and the absence of fish populations), from which we eliminated any anthropogenically formed pools such as old gravel pits or cellars and pools with altered drainage. To avoid contaminating other pools, we also eliminated pools known to harbor, or to have previously harbored, amphibian diseases. From the remaining subset, we selected six pools of similar size and canopy cover (estimated visually in the field). Of the six pools, three each were located on the eastern (East 1-3) and western (West 1-3) sides of MDI (Figure 1 ). The three pools on the eastern side were located within areas dominated by deciduous tree species such as Acer sp. L., Betula sp. L., Populus sp. L., and Quercus sp. L., whereas the three on the western side were located in areas dominated by Abies balsamea (L.) Mill. (Pinaceae) and Picea spp. A. Dietr. All pools were located away from year-round roadways.
Five transects were established at each of the six pools between April 21-24, 2008. The transects radiated from the deepest point in each pool at a bearing of 0u (magnetic north), 72u, 144u, 216u, and 288u, and ended at the estimated 2008 spring high-water mark of each pool. The 2008 spring high-water mark was estimated based on the water level present at each pool at the height of the spring snow melt at the beginning of April and, where needed, adjusted at the beginning of the first sample period based on evidence of hydrology (a ''bath-tub ring'' of leaves and woody debris beyond the original high water estimate). Two 3 two-meter-square quadrats were established at three-meter intervals along each transect. Vascular plant species were identified within each quadrat over three sampling periods during the growing season (28 April to 11 May; 29 June to 6 July; 18-30 September). Voucher specimens were collected only for those species not readily identifiable in the field. Transect lengths and the total number of quadrats surveyed for each pool, as well as pool depths and approximated areas, are listed in Table 1 .
Plants were identified using Magee and Ahles (2007) and Haines and Vining (1998) . Voucher specimens for those species not identified in the field are deposited at the College of the Atlantic Herbarium (HCOA). Nomenclature follows Haines (2010) . To determine if species observed during the 2008 study period were new records for vernal pools in northeastern North America, we referred to the only two available floras for regional vernal pools: Cutko (1997) and Cutko and Rawinski (2008) . Typical habitat preferences in Maine were determined from Haines and Vining (1998) . We referred to Greene et al. (2005) and Vaux et al. (2006) to determine exotic species known to be invasive in Maine or New England. National Wetland Indicator Status for the Northeast Region (Region 1) was determined from (in order of precedence) Lichvar and Kartesz (2009), U.S. Wildlife Service (1988), and Tiner (2005) .
RESULTS
Sixty-five vascular plant species from 26 families were identified in the six vernal pools studied ( Table 2 ). The number of species (14), Ericaceae (9), and Rosaceae (7). The largest portion of the species found (21) are considered obligate wetland species (OBL; 99% probability of occurring in wetlands) in the Northeast Region, whereas 14 species are considered facultative wetland species (FACW; 67-99% probability of occurring in wetlands), 12 are considered facultative species (FAC; 34-66% probability of occurring in wetlands), 14 are considered facultative upland species (FACU; 1-33% probability of occurring in wetlands), one species is considered an upland species (UPL; ,1% probability of occurring in wetlands), and one species is rated as having insufficient information (NI; Cutko and Rawinski 2008) . Of these 13 species, the largest portion (7) are rated FACU, whereas two are rated FAC, one is rated FACW, and three are rated OBL. No species listed as rare in Maine were observed (Brumback et al. 1996; Haines and Vining 1998; Maine Natural Areas Program 2005) ; however, 27 taxa were noted as occasional or uncommon for ANP by Greene et al. (2005; Table 2 ). We did not find any exotic invasive plant species, either terrestrial or aquatic, in the six vernal pools we studied (Greene et al. 2005; Vaux et al. 2006) . We were unable to determine any obvious differences in species composition between pools based on their location on either the eastern or western sides of the island, despite differences in forest type.
DISCUSSION
Our study is the first to provide a survey of plant diversity for vernal pools in ANP and provides a baseline study from which to expand our knowledge of the vernal pool flora of the Park. Overall, the species compositions found in the six vernal pools visited in this study appear to be typical of vernal pools in the Northeast, being 2011] largely representative of the regional flora (Table 2; Calhoun et al. 2003; Cutko 1997; Cutko and Rawinski 2008) . None of the 65 plant species we found are considered vernal pool obligates, although approximately 32% of the species found are considered obligate wetland species (Table 2 ; Lichvar and Kartez 2009; U.S. Fish and Wildlife Service 1988) . Approximately 41% (27 species) of the taxa we recorded are considered occasional or uncommon in ANP; however, none are considered rare (Table 2 ; Greene et al. 2005) . Acadia National Park harbors a wide range of plant communities, including species of international, national, regional, and state significance (Greene et al. 2005; Vaux et al. 2006) . Six plant species in ANP are listed as globally rare (Brumback et al. 1996) . Fourteen taxa listed as being endangered or threatened in Maine (Maine Natural Areas Program 2005) have been documented in ANP (Greene et al. 2005) . However, more recent data indicate that the number of threatened and endangered species in ANP is larger (Vaux et al. 2006) . Despite the presence of a number of rare species in ANP, none were found in the vernal pools we studied. This suggests that, unlike vernal pools in western North America which are well known for their high number of rare and endemic plant species (Keeler-Wolf et al. 1998) , vernal pools in eastern North America may not provide such a similar refuge for rare plants. This is supported by a general lack of vernal pool endemics in eastern North America and a mere 20 at-risk species associated with the region's isolated wetlands as a whole (Cutko and Rawinski 2008 ). Yet it is important to keep in mind that there have been no systematic surveys of rare plants associated with vernal pools in the Northeast (Cutko and Rawinski 2008) and thus the true number of rare, and possibly endemic, plant species associated with this type of wetland is unknown. The 13 species we found that have not previously been reported from vernal pools in northeastern North America (Table 2 ) demonstrate the importance of conducting region-specific biodiversity studies for unique habitats such as vernal pools (Cutko and Rawinski 2008) .
Nearly all of the species we found were perennial, woody or herbaceous plants; only one annual species was found (Persicaria hydropiper). This is in strong contrast to the annual-dominated vernal pools of western North America (Keeler-Wolf et al. 1998; Kruckeberg 2006) . Of the woody perennial species we found, 12 were rated OBL or FACW, whereas 19 were rated FAC or FACU. By contrast, 22 of the herbaceous perennial species we found were rated OBL or FACW, eight were rated FAC or FACU, and only one was rated UPL. Despite these clear differences in growth habit and wetness preference or tolerance, we did not observe any strong patterns of zonation in the six pools we studied. A lack of strong patterns of zonation may be an indication of large variation in hydroperiod from year to year (Mitchell 2005) . A more detailed study examining differences in water depth along sampling transects, as well as variations in hydroperiod from year to year, may be needed to determine the presence of vegetative zonation.
It is promising that we found no exotic, terrestrial or aquatic, invasive plant species (Vaux et al. 2006) By expanding this study into other documented vernal pools in coastal and inland Maine, a more comprehensive species list for vernal pools could be developed for the State. Such detailed floristic information is currently lacking, a critical information gap in the efforts for conservation of Maine's vernal pools (Maine Vernal Pools Project 2010) . It is yet unclear how distinct vernal pool vegetation may be from the vegetation of wetlands as a whole in eastern North America. Comparative floristic studies of permanent wetlands and ephemeral vernal pools in both coastal and inland habitats are needed. Such studies can better inform whether vernal pools harbor distinct species assemblages compared to those of permanent wetlands in New England. Given that their ecologies are distinct, especially with respect to hydroperiod, one would expect differences with respect to plant species assemblages, as are clearly reflected in differences between amphibian and invertebrate assemblages from vernal pools compared to permanent wetlands (Calhoun and deMaynadier 2008; Tiner et al. 2002) . Treating vernal pools as separate ecological communities can better focus both management and research priorities of this underexplored habitat in New England.
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